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Effect of Parenteral Liver Extract on the Blood Picture of 
New Born Rats.* 

H. D. BRUNER. (Introduced by A. J. Carlson.) 
Front the Departments of Physiology, University of Chicago and Medical College 

of State of South Carolina, Charleston, S .  C. 

Previous work'. ' 1  has demonstrated the essential similarity in 
the transition toward normal adult levels of the peripheral blood pic- 
tures of new born rats and of the human with macrocytic hyperchro- 
mic anemia treated with liver extract. The transition in both may be 
interpreted3* 4 9  as the result of the substitution of normoblastic 
erythropoiesis in the place of megaloblastic erythropoiesis. There 
is, therefore, the possibility that the administration of liver extract 
may accelerate this transition in new born rats. 

A control series of observations on the blood picture changes in 
288 normal rats from birth to 21 days of age has been compiled to 
serve as a basis of evaluation of the effect of such an experimental 
procedure (see Table 3,  reference 3 ) .  

The degree of variability or scatter as expressed by the standard 
deviation is proportionally large and markedly broadens the limits of 
non-significance ( X  iz 3 0 ) .  Inasmuch as the young do not grow at 
the same rate, it is to be expected that blood formation in the dif- 
ferent individuals will proceed at different rates. Litter mates fre- 
quently showed as large variations and differences as among unre- 
lated animals of the same age. Data on the state of hemoconcen- 
tration in these rats are not available. A larger daily population 
would have smoothed the curves and reduced the variations. 

Because of these considerations it is emphasized that only means, 
which are not too sharply delineated, and trends may safely be recog- 
nized. A sample of the error of observation is indicated by the 
coefficients of variation derived from 10 determinations on one blood 
specimen (see Table I, reference 3 ) .  

Two approaches have been utilized in determining the effect of 
* Acknowledgment is made of the generous advice and aid rendered by Dr. A. J. 

1 Wintrobe, M. M., and Shumacher, H. E., J .  Clin. Invest., 1935, 14, 837. 
2 Smith, C., J .  Path. and Bact., 1932, 39, 717. 
3Bruner, H. D., Van de Erve, J., and Carlson, A. J., Am. J. Physiol., 1938, 

4 Jones, 0. P., Pmc. SOC. ED. BIOL. AND Mm., 1938, 38, 222. 
5 Kato, K., J .  Lab. and Clin. &fed., 1935, 20, 1243. 

Carlson and Dr. G. E. Wakerlin. 

1a4, 620. 
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liver extract on the blood picture of young rats : ( I )  The injection 
of liver extract into the mother rats before and during pregnancy, 
with examination of the blood of the young at intervals after birth. 
(11) The injection of liver extract directly into the young after birth, 
with examination of the blood at intervals after injection. 

The liver extract used was a clinically active commercial extract 
(several different batches) formerly designated as 3 cc derived from 
100 g of liver, and now as 10 units per 3 cc.? The rats used were of 
the same stock and fed the same diets as the control rats; further, 
most of the observations were carried out during the same period. 
The technical and hematological methods were as previously de- 
scribed” and frequent checks were made to assure that the error of 
observation remained within fixed limits. 

(I) Liver extract in doses of 2.5 cc per kg body weight was 
injected intramuscularly into 19 female rats once per week for 1 to 
4 weeks before mating and throughout pregnancy. This weekly 
quantity of extract was estimated, on a weight basis, to be approxi- 
mately 10 to 15 times the total quantity required to induce remission 
in the average case of pernicious anemia. 

The blood values of the 144 young of these injected rats were de- 
termined in 32 rats within 24 hours after birth and in 14 young on 
the third day after birth and every third day thereafter up to the 
twenty-fourth day of age. The young of a litter were distributed 
over the entire period as far as possible. 

The means and the standard deviations (Table I) of the blood 
values grouped as to age were checked against the control data by 
the method of the standard error of the difference of two means. 
The mean values of the erythrocytes, hemoglobin, and hematocrit 
were not significantly different from the corresponding means except 
in the instance of the erythrocytes on the twelfth, fifteenth, and 
eighteenth days ; the means of the hemoglobin and hematocrit also 
tended to be higher on these days. In view of the definite non- 
significance on the ninth and twenty-first days, the differences do not 
assume importance. The increased values might readily be explained 
by hernoconcentration. The mean values of the mean corpuscular vol- 
ume, mean corpuscular hemoglobin and mean corpuscular hemoglobin 
concentration were not significantly different. The mean values of the 
reticulocytes, percent and absolute, were significantly different from 
the means of the control groups only on the sixth day. It will be noted 
that the control value for this day is out of line. The leucocyte values 

t Supplied in part by courtesy of Dr. Guy W. Clark, Lederle Laboratories, Inc., 
Pearl River, N. Y. 



T
A

B
L

E
 I

. 
M

ea
ns

 (
X

) 
an

d 
S

ta
nd

ar
d 

D
ev

ia
ti

on
s 

(a
) 

of
 E

lo
od

 V
al

ue
s 

of
 1

44
 Y

ou
ng

 R
at

s 
fr

oi
n 

L
iv

er
 E

xt
ra

ct
 I

nj
ec

te
d 

M
ot

he
rs

. 
--
 

R
et

ic
ul

oc
 yt

es
* 

f 
> 

R
.B

.C
.*

 
H

b.
* 

H
t.*

 
M

.C
.V

.*
 

M
.C

.H
b.

* 
M

.C
.H

b.
C

.+
 

%
 

A
bs

ol
ut

e 
W

.B
.C

.*
 

A
ge

 in
 

-
-
C

-
-
-
-
\
-
-
-
/
-
-
-
-
-
r
-
-
 

D
ay

s 
N

* 
X

a
X

a
X

a
 X

 
(

I
X

(
I

X
~

X
 

(I
 

X
 

X
a

 
~ 

7 
32

 
2.

56
0 

0.
35

4 
11

.5
6 

1.
50

 
36

.4
9 

5.
92

 
14

3.
9 

14
.7

 
45

.8
 

5.
7 

31
.7

 
2.

3 
92

.6
 

4.
7 

2.
36

9 
0.

36
0 

4.
43

 
1.

92
 

3 
1

4
 

2.
52

6 
0.

46
0 

9.
29

 
0.

71
 

31
.1

2 
3.

00
 

12
4.

0 
10

.7
 

37
.2

 
4.

3 
30

.6
 

3.
2 

46
.1

 
12

.4
 

1.
23

8 
0.

42
2 

3.
57

 
1.

08
 

6 
1

4
 

2.
53

0 
0.

25
4 

8.
20

 
0.

40
 

28
.7

9 
1.

14
 

11
4.

5 
9.

2 
32

.7
 

2.
6 

28
.5

 
1.

5 
42

.7
 

11
.1
 

1.
04

7 
0.

15
1 

3.
58

 
1.

39
 

9 
14

 
3.

17
5 

0.
32

0 
8.

93
 

0.
81

 
30

.7
1 

2.
78

 
97

.3
 

5.
4 

28
.2

 
3.

2 
29

.0
 

2.3
 

38
.6

 
8.

8 
1.

24
2 

0.
23

8 
3.

84
 

0.
93

 
12

 
1

4
 

3.
74

5 
0.

34
2 

8.
72

 
0.

81
 

29
.7

3 
2.

63
 

80
.0

 
5.

8 
23

.4
 

2.
0 

29
.3

 
1.

8 
26

.1
 

5.
5 

0.
95

6 
0.

19
9 

4.
13

 
0.

73
 

15
 

14
 

4.
31

5 
0.

41
1 

8.
92

 
0.

76
 

30
.0

0 
3.

05
 

69
.9

 
5.

7 
20

.8
 

1.
3 

29
.7

 
1.

5 
21

.0
 

5.
0 

0.
90

3 
0.

21
7 

4.
25

 
1.

87
 

18
 

1
4

 
4.

5i
.5

 
0.

59
7 

8.
41

 
1.

10
 

27
.7

0 
4.

31
 

61
.4

 
7.

1 
18

.5
 

3.
2 

30
.5

 
1.

7 
20

.4
 

4.
4 

0.
92

2 
0.

20
5 

4.
34

 
0.

93
 

21
 

14
 

4.
71

5 
0.

56
5 

8.
26

 
0.

83
 

26
.6

8 
3.

32
 

57
.2

 
5.

2 
17

.7
 

2.
2 

31
.0

 
1.

4 
20

.4
 

7.
0 

0.
97

8 
0.

46
6 

4.
41

 
1.

00
 

24
 

1
4

 
3.

14
0 

0.
42

5 
9.

36
 

1.
27

 
31

.7
9 

4.
56

 
62

.0
 

6.8
 

18
.2

 
2.

2 
29

.5
 

1.
6 

23
.2

 
6.

7 
1.

19
0 

0.
62

7 
3.

95
 

1.
07

 

pa
ck

ed
 

er
yt

ll
ro

cy
te

s :
 M

.C
.V

. 
-Z

 
M

ea
n 

co
rp

us
cu

la
r 

vo
lu

m
e 

in
 c

ub
ic

 n
iic

ra
 ;
 M

.C
.H

b.
 

-I
: 

M
m

n
 

co
rp

us
cu

la
r 

lie
in

og
lo

bi
n 

in
 

ga
m

m
a 

ga
in

m
a 
; 

M
.C

.H
b.

C
. 
-7
 

M
ea

n 
co

rp
us

cu
la

r 
he

m
og

lo
bi

n 
eo

nc
en

tr
st

io
n 

in
 %

 ; 
R

et
ic

ul
oc

yt
es

 r
xp

re
ss

ed
 i

n 
%

 e
ry

tl
ir

oc
yt

es
 a

nd
 a

bs
ol

ut
e 

in
 m

il
li

on
s 

pe
r 

m
m
?
;
 W

.B
.C

. 
L
-
 L

eu
co

cg
te

s 
in

 t
ho

us
an

ds
 p

er
 in

in
z.

 

*N
 =

 N
um

be
r 

of
 r

at
s;

 R
.B

.C
. 
r
 E

ry
th

ro
cy

te
s 

in
 m

ill
io

ns
 p

er
 m

m
a;

 H
b.

 r
. 

II
c~

m
og

lo
bi

n i
n 

g 
pe

r 
10

0 
cc

 b
lo

od
; 

H
t. 

==
 

z s: h
 



PARENTERAL LIVER EXTRACT BLOOD PICTURE NEW BORN 263 

showed no significant differences. Only 1.2% of the 1,306 meas- 
urements were beyond the limits of the control group; 0.8% of the 
measurements were also located beyond the limit of the X k 3u 
for the injected series. 

There was found, thus, a lack of consistent differences between 
the examined blood values of the experimental and control groups. 
While it is possible that some of the young of the injected mothers 
showed significant differences, the majority did not. Further, rather 
large differences were sometimes obtained between similar blood 
values of litter mates of the same age as in the control group. 

It may be added that the injection of liver extract did not prevent 
the appearance, qualitatively, of the prepartum anemia of the mother 
rat as described by Mitchell and Miller' and by Van Donk, Feldman 
and Steenbock.' 

(11) The liver extract used for injecting the young rats was 
diluted 5 times with distilled water and injected subcutaneously. 
Leakage was prevented by sealing the puncture with a stiff vaseline. 
The dose used was 5 cc per kg body weight of undiluted extract and 
was calculated to be approximately 20 to 25 times the remission in- 
ducing dose for the human pernicious anemia patient. A sterile 
saline solution containing O.S% phenol was used for control injec- 
tions. 

For 
each 2 young rats injected with diluted liver extract, 1 litter mate 
was injected with salt solution to serve as control. Two litters were 
injected within 8 hours after birth, and similarly 2 litter groups were 
injected for each day after birth up to 14 days of age. Studies were 
made on 2 liver extract-injected rats and 1 control rat of the litter 
on the fourth. tenth, fifteenth and, i f  the litter were large enough, 
twenty-first days after injection. recording the blood values according 
to age. Of the 182 liver extract-injected young, 30 were examined 
after the twenty-fourth day and are not included. Since the values 
of the young of one age at the different intervals after injection 
are distributed indiscriminately among one another, the means and 
standard deviations of the whole distribution are presented in 
Table 11. 

The means of the erythrocyte values of the injected rats from 
the twelfth to the eighteenth days tended to be higher than the means 
of the controls but the difference was not significant nor was the in- 

Twenty-eight litters each of 8 or more young were used. 

.. - 

6 Mitchell, H. S., and Miller, L., Am. J .  Physiol., 1931, M, 311. 
7Van Donk, E. C., Feldman, H., and Steenboek, H., Am. J .  Physiol., 1934, 

107, 1934. 
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flection maintained. A few isolated means of the other 8 blood values 
were statistically significant ; the remainder were not. Thus, the 
great majority of the variations observed could have occurred by 
chance. 

Comparison of the values of the 2 liver-injected rats with their 
litter mate control showed that the control value was located between 
the 2 corresponding values of the injected rats in 41%, 3976, and 
42% of instances on the fourth, tenth and fifteenth days after injec- 
tion respectively. This is approximately what should occur by 
chance. The blood values of the 30 injected rats between the twenty- 
fifth and thirtieth days continued the trends of the control group 
and were comparable to the litter control rats. Of the total of 1,368 
determinations, only 0.95% were beyond the limits of X 2 30 of 
the control group. 

Figures 1 and 2 present graphically the most useful criterion, the 
mean corpuscular volumes of the erythrocytes, in estimating the 
transition changes in the blood of the experimental groups as com- 
pared to the control group of young rats. None of the means are 
statistically significant. 

Growth in both experimental groups of rats as judged by the 
weight and crown-tailbase length was comparable to control data. 

FIQ. 1. FIQ. 2. 
Figs. 1 and 2 illustrate the location of the means (+) and the 2 3 ~  ( 0 )  of the 

mean corpuscular volumes of the erythrocytes of the 2 experimental groups of 
young rats at indicated ages after birth in relation to the mean (-) +3u (con- 
tinuous line) of the control rats. 
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The lack of a marked acceleration of normoblastic erythropoiesis 
or of a lessened megaloblastic erythropoiesis is indicated especially 
by the not significantly different decline of the mean corpuscular 
volume, level of the reticulocytes, and increase of erythrocytes. 
Fitz-Hugh, Creskoff and TaylorS indicated the ineffectiveness of 
daily injections of liver extract in changing the reticulocyte count of 
14 nursling rats. The injection of liver extract into the fetuses of 
2 pregnant rats was likewise ineffective. Wintrobe, et al.,' found 
that liver extract injected into 3 pregnant rabbits produced no effect 
on the erythrocytes of fetuses extracted before term. Also, the in- 
jection of 0.15 cc of liver extract into the placentas of rabbit fetuses 
in one horn of the uterus did not alter the blood picture of those 
fetuses in comparison with the fetuses in the uninjected horn. These 
workers reported that estrzcts of fetal pig livers and of the placenta, 
even in the last third of pregnancy, were inactive. Wigodsky. et aZ.,13 
however, found fetal calf livers anti-anemically active. Wigodsky 
and Ivy'' injected liver extract into pregnant rats from 2 to 14 days 
before delivery. They observed no significant differences between the 
values of the erythrocytes, hemoglobin, hematocrit, mean corpuscular 
volume, or the mean red cell diameter of new born rats from normal 
and antenatally injected mothers. Their data indicate variations 
similar to those encountered above. 

Briese and Higgins" have reported that the addition of ventriculin 
to the diet of pregnant rats resulted in a decrease of the mean 
diameter of the erythrocytes of the new born rats together with a 
shift of the Price-Jones curve to the left as measured from dry 
smears. The variability in the erythrocyte counts of normal new 
born led them to suggest that variations in the maternal stores of 
the anti-anemic principle may occur. Stasney and Higgins13 have 
reported that the daily intraperitoneal injection of neutralized nor- 
mal human gastric juice into pregnant rats for 12 days preceding 
parturition resulted in a reduction of the diameters and corpuscular 
volumes of the erythrocytes of the new born. Heated gastric juice 

SFitz-Hugh, T., Jr., Creskoff, A. J., and Taylor, H. B., J .  Clin. Invest., Proe., 

9 Wintrobe, M. M., Kinsey, R. E., Blount, R. C., and Trager, W., Am. J .  Med. 

10 Wigodsky, H. S., Richter, O., and Ivy, A. C., Am. J .  PhySiol., Proc., 1938, 

11 Wigodsky, H. S., and Ivy, -4. C., PROC. SOC. Em. BIOL. AND Mm., 1938, 38, 

12 Briese, E., and Higgins, G .  M., -4nnt. Bec., 1939, 73, 105. 
13Stasney, J., and Higgins, G .  M., Proc. Staff Meetings Yayo Clinic, 1937, 

1936, 15, 468. 

Sci., 1937, 103, 449. 

123, 215. 

787. 

12, 490. 
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produced no effect. Similar effects were obtained by Stasney, Hig- 
gins, and MannI4 using the gastric juice obtained from a fundic 
pouch of a pig. Br ie~e '~  reported that the blood picture of the new 
born of rats from mothers rendered anemic by daily inhalations of 
cc14 during pregnancy was more macrocytic than the blood of 
young from normal mothers. 

The lack of significant changes probably are not due to adminis- 
tration of insufficient amounts nor to the mode of administration of 
liver extract. Connery and Goldwater'' and Riddle and Sturgisl' 
have shown that single massive doses are effective in inducing 
remission in human pernicious anemia. It is interesting to observe 
also that the liver preparation did not produce a reduction in erythro- 
cytes or hemoglobin. This effect of liver has been reported by Mar- 
shall" after injection of liver into rats made polycythemic by 
cobalt. Adlersberg and Leiner" reported that anemia may be pro- 
duced in normal rabbits by the administration of liver preparations 
both orally and parenterally ; a powdered liver preparation given 
orally to dogs also produced an anemia. 

Assuming that the rat requires the anti-pernicious anemia prin- 
ciple, the lack of effect of the administered liver extract in the young 
rats is similar to that observed in the human macrocytic hyper- 
chromic anemia patient previously given optimal amounts of liver 
extract. It would appear that in the presence of adequate amounts 
of anti-anemia substance some other factor becomes the limiting 
agent in the mechanism of blood production. 

1. The transition from megaloblastic to nornioblastic 
erythropoiesis appears to be reflected in data on the blood cell values 
of normal rats from birth to 24 days of age. 2. Blood cell values of 
young whose mothers were injected with liver extract before and dur- 
ing pregnancy were found to be not significantly different from con- 
trol values at comparable ages after birth. 3. Blood cell values of 
young rats directly injected with liver extract up to the fourteenth 
day after birth were found not to be significantly different from 
control values at comparable ages after birth. 4. The young rat's 
reaction to the presence of excess anti-anemic principle resembles 
that of the human macrocytic hyperchromic anemia patient main- 
tained on adequate amounts of liver extract. 
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